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Sillitem Senford Mremphrey, Jr. was born on 
Augnet 17, 1918 in Ceeeole, Bise#ourt. Me graduated 
from high echool at Tazewell, Tennereee in 1836, and 
joined the ftavy immediately following greduation. Re 
eee appointed to the Havel sAcuwlemy in 1939 by the Sec- 
retary of the Buvy. ‘Thiie there he ges active age a 
Company Comuunder and in athieties, winning Letters 
in treek, cross country and swimming. Xe graduated 
from the Hevai Acedemy in June of 1947. “uring the 
war he sew action ae a Kotor Torpedo Goat Squadron 
Commander in the South and Gouthweot Pacifie areae, 

after tre commletion of the wer he wag se- 
lected for a three-year Naval postgraduate coarse in 
Chemicni ingineering, the Last two yeare of whieh 
were spent at Cornell University Ule major subjact 
vas Chemlon] “nginesring end his winor subject was 
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i. 


TETROTUCT ION 


The hiegtory of adhesives prior to the 
twentieth century desle larrely with sanigeal and. 
fieh glues *hich were used extensively es early 
an the Agyptian and Roman “enainsance.. The de- 
velopment of casein and blisod glues was a rewark> 
able improvement over eniesd pluesr in the way of 
water resistence (46). 

lt is @elgenifieent that adhesives were 
firet introduced to thie eguntry by the furniture 
industry about the year 1808. Becaurze these adheas- 
ives had very coor reeletenes to both moleture and 
fungus attack, they were regarded as inferior sub- 
etitutes for other methede of assembly. Fesrite 
the inferiority of these adhesives, there was ho 
great improvement in properties until the edvent 
of synthetic resins just prior to Forld War IT. 
The developmente in adhnesives during end einee the 
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r 






et of tlt) wevlevdie to woeedd ect 
(im co Useleretes bees exe th ide gauly omit 
Ob SAT. eRRRNT ANT we Mle MA ITCEYE ott me 
— eetd be) copenn do ewege fey 
wr ea) nf eee Serian ste lowervonpal aide 
(> sraetvinst w8hew 

Stee GeV Colt Neeetltenla «i et 
OEM Kaveh ote EF YIeuuoW ated Bf benwtowerd Fees? 
“andhe dent symone MOL! Wert OM) fumde THTeHend 
eh WOUPR TON Oto ad wumatedeoy secede ceny hen ood 
wale colin «« b4lruepet orem yee? ,toeede eupent 
Sicsel =. Uleeweee to ehetiem wears WH? eedas ine 
co Gee oved? cecleetiiun cope? te of ivoreedal ea 
Poecte wit Litm setevreqene 41 fmeretorend feety 
JT om Ole” OF corte taut wadeet ofeedeawe to 
O07 vaade Wee whlti® wrvieedbe i efesegoleved of 


oar 

















Adhesive bonding, in ite myried forms, ie 
today the most generally used method of joining ma- 
terialie. I¢ hee vecume as important an agseembly 
method ae welding, boiting, riveting, or soldering. 

A wide latitude in design features has been aseured 
by highly developed bonding techniques that make it 
peesible to join almoet eny two solida. 

The adhesive inmcuetry, while not the most 
glemoreus, lw, nevertheless, 2 Very eweentiai incus~ 
try. The synthetic adhesives represent one of the 
significant chemical developments of the past ten 
years, and have now progressed to the point of high 
production ratee, 

The adhesive induatry is the third larrcent 
single user of casinos plastic waterials, being ox~ 
cecdec oniy by proteative coatings and molding~cast- 
ing dewands. The adhesive industry aise accounts for 
aopraximately 60 per seat af the urea end melamine 
resins. in 1946, the monthly produntion of rhenolie 
adhesives averaged 1,109,090 poumde and the urea and 
m@lemine adhesives, combined, sveraged about 3,900,000 
pounds (18, 33). ‘The figuree for 1047 represent «a 13 
per cent inecreaee over 1946. 

The acceptance of adhesives for atrese car~ 


rying features of construction is clearly inéiosted 
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in present trenda (G), such ee in the feetening of 
eutowmebile wrake lininge anc as in generel alroreft 
cometruction. Through the proper applicetion of ma- 
terlale cavable of meeting the perfermence reguire~- 
ments, adhegives will aseume their proper place in the 
industriel pieture. Already synthetic adhesives have 
regietered a firet by bridging the gup in metsei-to- 
nonmetal bonding. 

¥uch of thig industrial pregrese has been 
empirical, rather than eelentific development based 
On well-grounded theory, and progress ie etili being 
hindered by the lack of etendardization andi detailed 
information. Today the inguetry is shead of research, 
end further new development wmuct avait the atvance of 
fundamentai inveatigation. 

The present goal is an economically feas- 
ibie adaesive for avery application demand, eagily 
formed snd applied, thet haa chyeical properties et 
l¢set aa atreng as the materinie being bonded. 

For a better underetanding of the types of 
 a@heeives, a Claesified outline baraed om chemical or- 
igin ie presented (4, 15, $1, 46). 
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*nenol-furfuraldehyde 
Resoreinoli-formeldehyde 
Ureae-formidehyde 
delamine-formaidehyde 
Furenes 
Polyester resine (also alkyda end allyis) 
Aniiine-formaldehyde 
Felyurethanes 
urea-resoreinol 
Urea~meleaine 

Thereoolastic synthetic ‘esin Adhesives 
Polylsovutylene 
Polyvinyl acetate 
Polyvinyl chioride-acetate 
rolyamides 
GLilbeones 
Folymethacryliie and polyscrylic eeters 
Coumarone~ind ene s 
Felyvinyi butyral 
F<-Toluene sul phonsealde-wldehydes 
Polystyrene 
Fatty aeid resin 
Polyvinyl ethere 


Gellulose derivatives 
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hunber latex 
Batural or reclaimed rubber 
Chlorinated rubber and rubber hydrochloride 
Cyelized rubber 
folyehiloroprene 
Putadiene-acrylo—nitrile eapolymer 
‘yntbetic resin~-rubber cambinations 
Chlorinated synthetic robbers 
Ceisulesie ong farch Larivetives 
Celiuloss nitrate 
Celiniose acetate 
Lthyilecelluloge 
Methyicelluiese 
2ocilum curboxymethyl celisloee 
Starch, Vextrin 
Katural Resins and Oile im Adhesives 
Roegin and resin cetere 
“hellag 
Asghaliter 
Gum tragacanth 
later gum 
Lineeed of] (oxidized) 
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Vater Joiubia Cums in Achesives 
Gum arabie 
Cum senegal 
Ceragin gum 
trotein Lebeeivee 
Caeedin 
Soybean protein 
D@LN 
Agbesives pf spinei ox [ish orisin 
Glue (hide, extracted bone, grecn bone) 
Fieh offal 
Hines slbumen 
Gluble dried blood 
ingreenic idhesiver 
~odium sliicate 
:ertlend cement 
Begnesium oxyukloride 
Plaster of paris 


bitherge-glycerin 





Asphalt 
Shella 


Clso-resing 








eckain and kis Sritieh co-vorkers have done 
oonsiderable pioneer work on the theory of adhesion, 
#8 woll aa on the development of test methodea (29). 
This work haa been closely paralleled and extended 
in thie country by 3rosne and Treux at the United 
Ttates Forest rroduets Laboratory In more recent 
years the 19T% #:o-comsittes on adhesives and the in+- 
dustrial res#earch laboratories have carried on the 
investigation. Unfortunately mech of the induetrial 
reresroh remeines inaecesssible in the secret files of 
the veriouse companies. 

During 4Yexld “Yer IT, «2 number ef inverti- 
fetions were undertaken; the objective being te ¢e~« 
velop a complete background of information on acheg~ 
ives. The work done by the Gational Advisory Con- 
mittee for sereneutice curing this period was « most 
Veluehle contributieon to the technology of adhesives 
(37, 38). 
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e. 


THEORY OF ADMPEION 


Adhenion is defined as the stete in which two 
Surfaces are held tegether by interfacial forces (23). 
The theories of adhesion represent a series of complex 
phenomena that have iang been controversial. bLaeriy in- 
veetigatore believed that adhesion depenied upon meohen- 
ieal strength obtained through solidification of the ad- 
heraive in the coves of the surfaces being tonde’: they 
also suapected the presence of chemical forces. The pres- 
ent trend ef thought fe toward seme form of epecific wd= 
hesion. It te quite definite thet the surface forces of 
the materials being bonded sre in some respect taveived 
in edhesion. The types ef adhesion are now considered 
ag mechanical, fusion, and epecifie vith espheals on 
epecific adhesion (1S). 

i¢ ie poseibie that the eharecteristice of 
specific adhesion dieplayed by reeine are due to the 
lew molecular weight monomore or side-chains and that 
conesive croperties of the film formed sre due to the 
higher molecular weight molecules. Therwasetting ed- 
Agelvee, when cured, have both emali ond ierre mole- 
cuces. 

“peeific adheeion requires wetting of the 


surface not only by the solvent, but aleo by the sd- 
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9. 


hevive. Good wetting ond evidence of chemical sffinity 
are tro of the properties which will indicate the preb~ 
wble behavior of the low moleouiar weight and unreacted 
monome:e in normal resin adheaivee (16, 30). *ettebil~ 
ity is dependent upen various factors, Ineluding the 
visoosity of the Liquid adhesive and its surface ten- 
gion (45). ‘The sbove is a hypothesie, and it is well 

to remember thet the properties of specific adhesion sre 
not olearly waderateod; it ts known, however, that @ sur~ 
fece inherite epecifie forces whieh cam be modified by 
fhe absorption of either water or organic matter. 

4% leaat four types of boning forces are im- 
portant te adhesion; they ere electrostatic, cavalent, 
meteilic, and Ven der Yaai's foerees. Experimentally, 
these forcea are extremely diffieult to enalyze; boend- 
ing energies have, however, been caicalate® by Peuling 
(35), and Leonard donee (17) hae established the eles~ 
trostatio attractions that exist between eurfecer and 
eharged particles. 

any experts coneicer bonding as Larvely « 
function of surface chemietry (8, 13, 14). It te known 
thet the eurfeoe of « solid oan differ considerably from 
ite internal eatrueture (1, 21, 32). This is especially 
true of wétels whieh have eurfaces that are covered with 


oxida files, ae well as adeorbed layers of gan. %true- 
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tural changes may be initiated tn a surfece by the migra- 
tion of ective solecules inte the surface Layer and the 
adsorption of contact moisture or organic matter (45). 

Tt is true that various wechanicel treatwents, such as 
grinding, voliching, or abrading, may chenge the nature 
of the evrfaes, but it ie queationable se to how auch 
thie affects bonding. If metal ia sublimed on « properly 
prepared aurfece, s orystal vattern ie formed in the sub~ 
liwed filw. The surfaces of metals ere crystalline in 
nature end congiet of omal) blocks with «2 nuaber of mi-+~ 
hute cracks, flesures, or grain boundaries of amall di- 
mensions, It is thought that the irrepuler ctreeture at 
the surface reguite in non-homegeneous effinity for an 
adhesive. txperimental results, however, would indicate 
that thie effect ia not appreciable under normal condi-<- 
tiens of surface prevaration. 

The Seeinmoue Preductse and Chemleeal Company 
found that certain adheesivee form etronger bonds with 
high vilency metels than with low valency metela (39). 
Thies is substantiated by BeBain's work (89). Sith dif~ 
ferent wraden of steel the adhesion was poorest with 
silicon etecis; rerheye due to the oxids fllm prepent. 

I¢ ie not very clear just why cleanliness Le 
9 important to adhesion; 1t may be due to the reduction 
in wetteblilty initiated by the contaminated surfece, or 
it may oo due to the redugtion in the Gegree of polywer- 
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ization that reeults when the solvent disperees the oon- 
taminant among the monomere (3, 5). 

It ie eonsidered that the following are impor- 
tant to sdhesiont (2, 7, 36, 31, 34). 

i. Surface tension of the adhenive. 

2. Chemical nature of the surface. 

3. Properties of the adhesive. 

4. Thietness of the bonded film. 

5. Method of application. 

G. Beivents and solvent action. 

The phyaiceal vronerties of adhesive bonde heve 
been found to be related to the thicknees of the adhes- 
ive film formed. I% bas been sugrested that, if adhes~ 
ive filme were formed from 10° per cent liowld aihesive 


nome Containing no volatile goivent, the apparent 





strength of the «esesbly would be independent of the alue 
line thickness (8, 12). Thie hae been vartially awb- 
stantiatec by thia experimental work since 1% ene found, 
in the initiel standardisation, that film thickness ia 
more critical when the total solide content is relatively 
Low. 

The present theories have not been foune ee 
tirely applicable nor all-inclusive in this experimental 
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WOLS* FOR PUPTHRS IRVECTIGATION 


If the cevelopment in adhesives is to con~- 


tinae uninterrupted, end if industry ie te weet the 
practical goalie that are poesible, basle research and 
development gmuet continue at an asaeoslerated pace, 4 


complete literature review indicates the need for re~- 
a@arch in theoretical phenomena, in adhesive cevelop~ 
macnt, ami in improved arcliceation techniques. tome of 


the speaifie probleme influencing edhesion that warrant 


consideration aret 


ds 
a. 


14. 


®urfece chemietry. 

Speeifie adhesion . 

Stencarcdization of synthetio types. 
Nethods of teeting anid appraieal. 

Surface eonditioning and wettabhiity. 

Vee of solvents . 

Taleknerva of give line. 

WMeorption of flime on the solid eurfece. 
Cleaning by heat treating (34). 

Other cleaning methods, 

Propertics of adhesives much as vi scoat ty, 
aoleculer «tructure, @te. 

wow teemernture catelytic adhenives. 
Activatec surfacee. 


Bffect of thermal sreck on bond etrengeth, 





os 








Se" ahr aint tot ey 
‘- ~ hai 4 
ee ot al avtdnedas af vewmpateved of Ph i 
WBF Seen of at RIVENAN! 34 bom JeornAennen tense 
Bay deagpeet thes Didhewge win Oudt Binag te tiaate 
5 weey STE Leom G8 oe Rater ee ORee ferme inte 
“8 TRY Seer weld eetesihel aniewt ewer efoleme 
“wOlava’ svsetGte Me | sewwrmede Aentyatoed? 2) eotees 
We wet ewer score amstegiions Lmemmo ww! cs kee ,£7~e 
(ae Ture bol Vdbaiee ga titmet yi seiseene Sttliaacs set 
3 feee Relpetelirmes 
a te * - etelmee® meter «ft 
“oe = « eerie esTinewt 6f 
lea Ghriiere Le teense 
Laer Com Ge weedeee 2 aradte® 2 
- ei fteantye tac pr ioctstemem apetror (él 
- = - oeerin’ Yo et «t 
ee ee 
| -@eReer Milo off ab east! te autores «Sf 
1M) gademeee feet er gates) 4° 
-ehodian gtinesian sedil jot 
ake Ege ii 
” sabe ,euctastéy tesimelice 
<SOPUeedde VePelates wsuteweresd wou «TS 
-Swaetuw Se¢eritot .&1 
aes et a Berte Jeetet® te featt! .ad 


15. Offect of preeeure and temperature. 

16. “etting power of adhesives and solvents. 

i?7. Acidity or alkalinity of the ethesive- 

i8. Development of tapes ami flime for indust~ 
rial application. 

1g. Low temperature strength properties of cured 
bonds. 

20. Tleetro=deposition of synthetic sdhesives on 
metals (22). 

These are only « fer of the many problems re- 
maining to be adsquately investigated if eynthetic ai~ 
hesivesa ars to retain their rightful position in the 
field of atructural bonding. 

During the preliminary inveatigation lavolved 
in thie work, 1% wae decided first to explore the chen- 
ical and weehanicel treatment ef metal surfaces a8 re~- 
lated to bond etrength. Thies prramided into « general 
explorstion aa new yproblemyu were unraveled. This study 
was pureueg aa fer ue tiee ond ecuipment permitted. The 
inveatigation »eaa conciuded by the déevelopment and test= 
ing of impregnated tissue filme fer metal~-to-metali bond~ 
ing. 

Probleme studied in thie metal~to-metal bend- 


ing investigation? 
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4. 


1. The affect on tensile etrength of the follewring 
vertiabliest 
A. ‘Senditionrs of dry and precure of the ad- 
hesive wrior to making the aseenbiy. 
B. Pressure functions ¢uring the cure period. 
G. Mechanical aurfaece treatment. 
0. Ghewlesal aurface trentmant. 
Ke. Vaertation from metal to metel (steel, 20 
Aluminue, end 17 OT aluminum). 
2. Adhesive earrier films of imprepnateé tiaeue 
paper. 
3. Uneupported adheatve fligs presently in ex- 


osrimental oilot plant productien. 
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STATISTICAL AWALYSIS 


The exeqution of thie experimental work necea- 
sitated the running of » larga number of teste (some 500 
specimens were tested), which consumed « considerable 
amount of time, aithough the minisum number of specinens 
wae ueed for eneh teet. Thie forced the use of a method 
of analyeis that would give a measured degree of aseurance 
with 2 minimum smount of data covering each variable that 
was etudied. These clroumetencen justify the use of sta~ 
tistical analysie. The end point of thie experimental 
work would be the succeacive elimination and determination 
of the variabie, and can be arrived «et, with eome degree 
ef aseurence, only by the collection of considersbly more 
date. 

Stetietical sanelysaie isn the appliscstion of aci- 
entific methods ta; 

(a) the eontrei seepling of a body of numerical 
Quantitetive characteristics uncerlying the 
subject of inquiry, 

(bo) the eondengetion of the exeentiel informe- 
tion to a few mathematical etatistics whick 
fanilitete interrcretetion with »« sinieswz of 
error, 

(c) the forestion of hypotheses regarding the 


true corresponding parameters and dietri- 


8 8 OREN atinttrTe 


~sqnen_ tone oii = of 

S00 tame] grand Ye vetuws eqael to way Dara ts 
nee Pode al wens Gomntanye 
ak te : te Tome 
Aakten 2 te tow mle bynTgT wi «duak Gaee cet bene OAe 




















dads adiusvar dame yolenyes wine To teumme wominke © oie 
mhiy te oyu ody Tiemag oeseasbmunnin stacy .Modnowe aay, 
ae an alle @ elects Lantonts 
wos ee saree lan ot 18 
ater Uiderentanee De ay theater «lt  yile .eeewinde To 

ae 









=tee Te aebioabinge w4t 41 Gioyanas Dep tty ert 
ped eoesttan al taeme 

deotveum We vied «  whioes bee of le! 
amt gerylidtey eedteltetuatade evtial MiMbee 
Re 

~aepeued Letinerss oc) to a lheureinds a Wd) 
anbie avid isete Leediamvat oe vet» oF Bole 
 coetde 6 dé te cs fen peer inet ww og Lhinet 
-wevts 

ak? extaveget ervettoved To warpemne! ate te) 
mpeeeth Ger evetenecen guibterrerives “vit 


comeyents Up rearih Sanimnas = o¥ty Aller. gee? pirvinen ty 








16. 


bution function of the universe of phenom 

ena for whieh the datum is only « sample, 

(a) the testing of these hypotheser in toras 
of sampling probabilities and their rejec- 
tion or retention on the bagis of qualified 
oredibility, 

(e) ‘the redesign of old or the cevign of new 
experimenta to gather dete from whieh in- 
ferences may he drawn. 

The fumiamental banla of atatietical anaiyeie, 
and the one upon whieh the engineering atetietician just- 
ifies its use in practice, ins thet useful kmowledgs is 
often ewpiriecel. Thies involves « concent of knowlesge 
which ineludces three important componente, (41), “(a) the 
date of experience in which the proceas of knowing beging, 
(») the prediction P in terme of data that one would ex~ 
pect to get if he were ta perform certain experimenta in 
the future, ene (0) the degree of belief p, in the pre- 
djietion P based on the original dats or some summary 
thereof as evidence E*. 

There ie much evidence in the litereture of 
theoretion] chemistry emi shysica to show thet funda- 
mentel lawa with which the engineer deale daily are sta~ 
tistical in nature. It mey be exelly dexenetrated that 
euch phyvical phenowens so temperature, pressure, vie~ 


eouity, and entropy (from a molecular viewpoint) ere in 
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essence stetiatical distributions. One might go on indef~ 
initely, pointing out the stetinsties) nature of such phe- 
nomene ac the Brownian movement, Maxwell's distribution 
of molecular velocities, the deneity of » fluid, rates of 
diffuston and evaporation, rates of thermal and phote- 
cnemieal reactions, e@¢itc. 

Controlied sampling is the very heart of sta- 
tistical analysis, all inferences being objectively baeed 
en the original data. 411 quantitative date describing a 
physical or chemical event arises from the operation of 
one or more ceuser. It ig usual that the number of 
eauseg producing any partiouler effect is extremely 
lerge. These cances, which cannot be identified and 
whieh are beyond comprehension, are termed chance or 
Yandom causes. “hen only these causes are opereting, 
when they are infinite in number ond the variable is 
continuous, the etatietiowl distribution Le the ner- 
mol ourve. This dletribution is generally utilized as 
the criterion of ultimate randomness. 

Regardless of the type of measurements made, 
the data will vary according to some type of statie=- 
tiesi distribution. That ia, the measuremente are eub- 
ject to tae influence of numerous unknown cavaen, and 
henee, with ell measuremente there is apsociated some 


type of error. 
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Statistical sampling procedures ain at a ran- 
dom set of obaervationsa. If a series is found to be non- 
homogeneous by teat, it will be necessary to identify and 
remove these individuals of the eseries which are not com— 
petible with the whole, or te remove thoee protuberent 
causes which are responeible for non-homogeneity. 

Theee experimental data are interpreted through 
analysie of variance. ‘This is contingent upon « normal 
distribution of specimens, and Cifferentiates between ver- 
ietion due te chance and verlation due to some signifi-~ 
cent variable (8, 10). ince no attempt is being made 
to derive relationshins, correlation studies are not ap- 
plicable. The derivation of the formulas ueed in onaiy~ 
sing the data are in the appendix, page 72. in a few 
instances the results ar¢ ineonolusive by thie method, 
amc are so designated; in euch cases the collection of 


more Gata is indicated. 
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EXPERT MRAR TAL FORE 
DRYING aR PRECURE 


Miaroscopiosl examination wae used to study the 
nominal conditions for drying end preouring. First, var- 
icus thicknesses of adhesive on the metal were atudied. 
The thicker the film, the more difficult the problem of 
drying, and the more the cracks and blisters. This was 
determined by observing the drying of liquid adhesive 
film, 2, 4, 6, 8, 10, and 12 mile thick in a series of 
petri dishes. Once started, cranking proceeda very rap- 
idly umlese the rate of drying is reduced famediately. 
The etarting points in the cracking or blistering fune~ 
tion aa weak enote in the surface destruction. Any pores 
or irregularities in a film act ae weak epote where 
etreeses develon and concentrate ae activating forces. 
Phen the tensile strength in the vicinity of the weak 
spots le excesded, cracks deyelon becauee of the orli- 
ented tension fields. Observed under polarized light, 
there were bright bende along the creeks and sround the 
blisters, inticating internal elaetic tensions. These 
increased in inteneity ag the cracks and blisters be- 
Game more prominent. 

if drying is too repid, or the film is tee 
thick, many blisters form. A reasonable explanation is 


that ae the flim dries tec rapidiy, » seum forms on the 
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surface, closing the porer and trapping the remaining 
eolvent. 

The ferces of pull and pressure set up in the 
surfeece, when the film was too thick or the érying was 
too rapid, vere quite obvious from the violent way in 
which the surface waa distorted. 

The preeure cust be such that polymerizaeticn 
is not extensive. if polymerization is carried too far, 
there ie loas of strength at the adhesive-adhesive inter- 
face where the mesembly is sace. 

Too rapid drying resulte in bliieters and cracke. 
The heavier the filma, the siower the drying must be; thus, 
a film juat wufficiantly thick te prevent a ntarvec joint 
ia the optimum. The optimum conditions were determined 
for each adhesive, an? so low temperature dry was used to 
redue¢e blistering and to eliminate crecking. 

It wee found that « huwid ateoephere during 
the drying period lovere the drying rete, and may result 
in unsatisfectory effectea reogerdiess of hew well the 
other Ysrisblee were contrelled. This may be explained 
by the hygroacopic character of the eolvent and the cone 
sequent absorption of water, not only at the surface, 


but throughout the adhesive body. 
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PRESMUPE STUDIES 

The effecte of pressure were etudied uncer the 
eieroscope, with the speolal serrengement pictured on pages 
31-32, using tvo pyres glees Gises S inchee in diemeter and 
¢-ineh thick. The presevre was applied through "C* clemps 
having ateel reinforced cork jaws, anc the temperature wae 
regulated by the heated platens to be deseribed in connec 
tion with the metallographic prens. 

One of the best illuetratione of pressure ef- 
fect (27) wae found while investigating *Cycleweld 55-9", 
a phenolle-rubber base adhesive manufactured by the Chry- 
eler Corporatian. Thie adhesive, when examined in the 
partially polymerized state, and under the influence of 
heat and uneven preseure dietribition, appeared to have 
inwardly oriented moleculee when viewed under polarized 
light. Thie would sugcest either the presence of a per=- 
oxide catalyst or of hoop etresees. (See the photonicro~ 
grephs on page 24.) When one of the pyrex plates cracked 
under preesure during the curing operation, this phenom- 
enen was observed in the ares immediately eadjucent te 
the creck. It wae poerible to reproduce thie vhenom- 
¢nan under any condition whieh gave uneven preseure die- 
tribution throughout the oure period. | 

linger normal preseure distribution there was 


polymerigation and some flocculation, but no apparent 
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orientation. Steel specimens in which the uneven pree- 
sure distribution was evidenced in the failure, geve re~ 
duced tenatle ctrength, thus indicating the importance 
ef an evenly distributed preseure on the specimens dur- 
ing the cure. 

In snother experimental application the sdhee- 
ive wag applied to the pyrex diecs and they rere eseen- 
bled. Heat was applied, and eventually gae bubbles 
formed (eeeaping solvent). Pressure wae epplied, and 
these solvent bubbles were forced to the edge onc out 
from between the secembly. As polymerization continued, 
more bubsles formed and were unable to migrate to the 
edge because of the high visecsity. Pressure was in- 
aoreaged and the gags bvuboles were driven back into solu~ 
tion. Apparently the pressure increasee the solubility 
of the guees in the fluid polymer, since the gases re~- 
arpeared in bubble form when the vreseure wae released. 
This reversel wac peesible throughout the cure period as 
long as the adhesive wae fluid. 

Many contraction cevities were present in the 
Various plates that were cured with little or no pres- 
sure. It is seen from the photomicrograph on page 25 
that contraction cavitier reduce the interfacial srea 
between the adhesive and the surfaces being bonded; this 


impeaira the total bend etrength. 
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disos by sapillery action; during the mo epee- 
imen there was no bubble formetion and 
gages being evolved. 

Thies microecopical exploration would indicate 
thet pressure in the curing of adhesive joints serves 
the following funetionss 

1. Insures flow of the adhesive to oi) parte of 
the joint. 

a. Holde the mating eurfeces in intimate contact. 

3S. Reduoes the size and number of contraction 
cavities. 


4, Reduces stresa concentrations by 







ing even 


pressure distribution. 





S. Reduces the number of air bubbi 


| the cured 
giue line. 

Thie etudy also indiested thet vapor bubbles 
can vt @liminated by the degassing of the Liquid adhee~ 
ive and the flowine of the adhesive betreen the mating 
surfaces by captliary action. Thin would require more 
investigetion before industrial application eauld be 


recommended, 
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Some measures of bond ctrength is necegsary in 
order te evaluete the various propertice being reviewed. 
After « gurvey of the A.0.7.B. test methoée, and the work 
of previous inveetigstora, it was decided to eiept ten- 
wile testing aa the primary mothod of amalyels because 
it gives « better evaluation of bond properties than any 
other single test method presently in use, and because of 
the avallebility of equipment (23). During the atanderd~ 
ization rune, which were made te determine the optiuum 
eonditions for bending, the tensile testing war substen- 
tinted by double sheer teeta. Three typee of metal epee- 
imena were uged ~ mild steel, 17 T aluminum, end 2 9 
alwninum; the selection was beaed on the availability of 
material end the desirability of correlating ond extend- 
ing previous wor’. Slrewlar diese epeclmenc, eath aaving 
a bonding vurface ares of one ecuore inch, were used for 
the teets. Sound, rather than aquare, specisena were 
ueed in omer to @lininate the noint etresser at the 
corners af eatfpaare epecimens. Close attention wae paid 
fo the machining of sil specimens. 

The firet date were econgerned with the effect 
of methaninal surface treatment on bond strength. opee=- 
mone "ere tented under the felloawlng eurfaece eonditionet 
(hi, 24) 
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i. Abragsg - in on Oleen Searometer for 100 revo- 
lutions, ueing aluminuwe oxide. Thie methed of 
abrasion wae selected becauce it gave repredue- 
ible reguits. 

2. Metellecraphie poligh ~ preliminary fintening 
at 250 r.p.4. on an Miolf ©. Buleea Tinishing 
whee] down through triple sere paper. Final 
polishing wae om a 1500 F¥ ~ & B gtandard pol- 
ishing head, complete with « 560 r.p.m. @-inchk 
balanced polishing Giee. The polishing sgent 
“ae « chromic oxide solution conalsting ef 
greme of the powder ant 16 ge of & per cont gum 
arebie added to one Liter of dietilled water. 

o. Ag peseived - niuminum epecinens hed a history 
of mill finiehs the eteel epecimene hed @ hise~ 
tory of m1) finish, follewed by hori sontal 
grincins to provide parallel faces. 

To ineure that no cieanlinert varlacle wes in~ 
trocucec, the seme cleaning procedure vas ueed for each 
eerie of teotc. After many stundar@iszation trials, ¢ 
wae degidced to use 2 aclivent degreare follewing the sure 
faoe preparation beceuse eof enee and apeed of aprlica~ 
tion (28). The degree of clesmliness was Getermined by 
the watexy oress teat. [¢ ia common knowledge that a 


Cigan metaliiec qurface will eupport « eontinucua water 
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leyex. If the weter layer breaks end rune off irrege- 
lerly, the murface requires more cléeaming. Acetone vas 
used ae the degreasing agent. 


APPLIGATION OF ADMEBTYR (42) 


The film of adhesive wae applied by dipping 
the prepared metal surface, as goon as 1t wae clean ond 
dry, inte the liquid adhesive, The proper vireeosity of 
the adhesive, to give the desired film thickness, vas 
determinec by atendardization runes prier to actual dip< 
ping. This must be se regulated thet the fins cured 
giue line is between two ond six mile in thickness which 
ie the industrial practice. The combined drying and gree 
ouring time is 18 hours. Prellainary investigstion re- 
vVeaied the presence of vapor bubties in the uneured fi lm; 
subsequent drying see accowpliehed in « vacwum deaieeator. 
It ie pegsible thet this remevai of air, veror, and oxy~ 
gen from the fiim may have introduged amotheur veriables 
however, if mach wan the gawe, then the verieble wae 
prevent in all applicetione (15, 15). I¢ is important 
that tesperature control ve euoloyed during the precure 
period, and that the adhesive is net heated tao rapldly; 
otherwise, the qurfnce pores close guickiy, trapping 
eOlvent, and leaving bubbles and contraction cavities in 


the qured bond. See Figure 3 on page 25. 
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& etandard Fiseher metallograghic epecimen 
prees, which applies preesure nydraulically through two 
heated brass platens, «as ueed for the curing operation. 
Tae platens are 4g-inohes square and i-ineh thick, each 
contain a thermometer well and two 150-natt rheoatat~ 
controlled finger heaters. 4 sheet of asbestos board 
separates cach platen from the press. ttundard shia 
stock wae used to leval the pletene and to ineure even 
pressure Gistribution. The presse is ideally euited for 
the application. 

The apecimens were introduced te the press af~ 
tex the plateng had rescohed euring temperature; ea better 
procecurs might have been to introecuce the specimens with 
the platene at room teaperaturs end gredusliy work up te 
curing tempersturée. However, time ddd not permit such a 
practice, and the resulta were cangistent when using the 
prececure outiined. 

The bonding grocedure used wae, in general, ae 
foliowss 

ie Ulp the prepared bomiing eurface of the olean 
amd dry epecimens inte the liquid adhesive. It 
Wee Tound advantageous to keep the total solids 
eontent high in order to winiwize solvent ef- 


fect and bibble formation. 
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2. Drain the eurface momentarily and set the dise 
in a horizontal position with the film surface 
upper~moast. 

3. Allow film to dry as instructed by the 
manufacturer. (Righteen hours for Textolite.) 

4. Maintain the platens at the curing temperature. 

5. Introduce the aesembled apecimen into the prees, 
being careful to maintain alignment of the spec- 
imen disos throughout the cure. 

6. Apply optimum pressure and temperature for the 
optimum time. 

7. Seleasée preseure and remove epecimens. 

8. Cool specimens in the air and measure the give 
line thicknees. (Final glue line thicknese must 
be in the range .002-.006 inches.) 

From the standardization runs it was found that 
temperature, breasure, and tice must be controlled 
throughout the cure perioc in oréer to ineure reproduc- 
ible results. it ls neceessry to determine experiment- 
ally the optimum conditions for each adhesive. 

The temperature controle the rate of cure, and 
consequentiy, the time of cure. It was found that e 
slight change in temperature materially changes the 


etrength of the bond. 
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FIGURE 4 


Apparatus used for Curing and Pressure Studies. 
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FIGURE 5 


Apparatue used for Ouring and Pressure Studies. 





TRUSILE TESTING 


Testing was eccempliehed in a Southwark 55,000 
pound universal tester having an accuracy of ¢ 10 pounds. 
The diese specimens were one square inch in contact area, 
and gelf-aligning tension jigs were used to insure azial 
loading. After failure, the break wae inapeeted visu- 
ally and wicroecepically. The eriterion of test accept~ 
ance wae o failure partially or entirely in the edhesive. 
During the teste, not a single properly cured, clean 
epecimen geve failure entirely at the metal interfece. 

While tensile teeting dees not evaluate all of 
the properties of the adhesive, 1% does give as good an 
evaluation as any other elingls test method, and previous 
inveatigaters have used it more frequently than any other 
method. 
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CRPER TMRNTAL CATA 


Ricuid Metai~to-Meta) sdagsivess (49, 42, 43, 44) 
flmost #11 metal adhealves are meade by the ad~ 

Gition of one or more of the thermosetting resine ta one 
of the rubber resins. This ad¢s strength and hardness 
to the bond since the thermosetting «aihesives produce 
the gtrongest enc eost resiatant bends of all the var- 
Lome types of adhesives (38). 

ss sSegeolise ~ 16 & rubber base phanoliec resin 
adhosive manufactured by General “leetrie Company. I 
ie a partially polymerieed Ligaid of mediwe viamosity. 
it ig a good metal-to-metel adhesive, but hee « Lint ted 
shelf life. 

The specimens are dipped in the *Textolite”, 
drpained, amd then dried for 16 bowre in a vacuum dee- 
tecator after which they are avsembled and cured in « 
hesieé press for fifteen minutes at 309 pei. In addi~ 
tion te the standacdisetion rune, a tetel of 76 epeci-«- 
wens wert run uging “Textolite™. The date are in 
tables i-~¢, imeluslive. sSumicity wes not controlled «x- 


eept for the data in tehier 1, 2, amé 3. 
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Table 1 

Adhesive "Textolite" 

Surface Cleaning ecetone 

Cure Tenpereture 165°C 

Cure Pressure 300 pel 

Cure Time 15 minutes 

Type of Metal mild steel, 
Tensile Jtrength 

Meehanical 

Surface 1 2 3 

Treatments Polished Abraced £8 Reoplved 
2200 psi 2420 pat 2580 pei 
2280 2570 2300 
2520 2546 2630 
2600 2690 2490 

Coluan 

Average: 2400 2555 2490 


Analysis of variance (20). 


Total = 4+ Bae & 2 (xi)? « (s 
 * 


A = £( xt)* - S = xt)" «S-P 
N RN 


B = Total - A 


Slide rule accuracy. 


xi)®* =R-P 


(See appendix page 2 ) 


e@ 





Dividing xi in Table 1 by 10 and subtracting 242 gives: 


xi; xi, ig xi xi; 0 xd, 
484 ~22 9) 0 256 16 
196 “14 225 1s 144 020 #112 
106 20 4 12 rv. > | 
324 18 22 «at at =o 
2 xi «= -§ 54 28 
(2 x4)? = 1204 1098 850 
11.04 (= * xt)” « 5476 . 
1098 Fo xt) tgs wae F 
859 


re Rx)" —_— A]S$ = 94) = 8 








2596 = Total 
Seoures of Variation or Degrees of Verlance 
variation sum of sg freedonr 

deviztion 

Letween 485 K-11 243 
columns - A 2 
Betreen 2112 K(N = 1) 235 
rows ~« B 
Totel 2596 (KW) = 2 _ 








® 243 o 6 
F 236 1,034 


F for 5% tables = 4,26 
No significant verlation. 
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it £o eeen from the analysie of variance 
on Table 1 that there im no signifieent variation 
between the several conditions of surfeoce prepara- 
tion. As long as the surface las clean the mechen- 
ileal eurface treatment does not anceer to be iener- 
tant. This does not apply to poorly fitted surfaces 
or to esurfeces abraded to the extent thet there are 
points of contact between the projections of two 
eaurfsces that ere capable of etreen concentrations. 

an attemot wan mece to etudy the effest of 
sublimed metal filme om the atrength of bond. for- 
ever, the feiliure occurred in the bond between the 
surfece end the aublimed metni fila, ant? thus the 


Tegulte were meaningieds. 





TABLE 2 


Adhesive 

Surfaee Cleaning 
Cure Tewpera ture 
Cure FPreseure 
Cure Tine 

Tyge of Beta 


Bechant onl 
Surface Treatment 





2089 pak 24350 pel 
240 2410 





2349 E770 
Colwan Average} SEF? 2340 


Amslysie of variance for table 9 is on page 74 in the 
appendix. There ie no significant variation. 
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TOL. 3% 
Adaaelve *Texbtoli te* 
Sorfece “loaning keetone 
Cure Tempers ture 168°C 
Cure FPreowure 300 pet 
Cure Time iS minutes 
Type of Veter 2 0 Ad vied Wu 





Veonanicsi 
Surface Treataent! 





Column ivorage? 


fTaere is no alenificent variation between polished and 
mill finished epecimene. 
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teepite the difference in the coluwn means of 
tables 1, &, anc 3, aoalyaie of verianes indiosetes thet 
there te no eignificant variation with mechenical eur- 
face treatment a6 long «es the surface is chemicelly 
clean ond free from dirt. This ia contrary te the pop- 
ular belief tast sbreded or sended metale offer the 
best bonding eurfeees. Thie siecancseption probebiy ore 
igimeted from the oractice of cunding or sbrading the 
suxrfseee in order to clean it, and inetructions te sand 
the metal gurfece ere net invalid asm lome ae there is 
to be no ohemlend cleaning. Nowever, fer seny appli- 
ontione » chemigas ciganing is faeter, more eoonem 
ical end anowld be employed. 

This hee recentiy been eubstantanted by 
Yoeer (34) working with glace specimens. Thie despite 
tie fect that metal surfaces ero erystalline in teatere 
and giaexr ie non-cryetolline. 
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TAME 4 


adhesive *Textoli te" 
Gurfeve Cleaning 
Cure Temperature 
Cure Pressure 

Cure Tiee 
Rechenioal Treatsant 







Bika 
Type of Metal: Stee) 


Colwam Average 2A00 


. wierencople examinetion revealed the presence 
of metal eiivere an? ozide perticles in taq failed ad- 
hesive. The enpcdserne agpeered te have a heavy oxide 
coating. 
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It te believed that the significant difference 
ovmrvet im tebie 4, when the @ © Aluminue date ere in~ 
Cluded, was the result of poor wettability. The water 
brtak teet wan used ae the oriterion of cleanliness. 

It {9 possible that something in the hiatery of the 
specimens resulted in good water wettability, out lew 
acheeive wrettabliity. 

These epecimeng, efter futlure, were dlecerded 
and new specimens reeently Silied were used fer the teet 
date in table @ *hieh Gid not ehor « sigmifienmt differ- 
ence by the T tent. 

The remulte of tebvia 4 are Lncornclueive, and 
the eollection of mare dete is indiegatec. Sovever, the 
reaulte of the stenmdardization tects indieste thet aost 
adheelves have « greater affinity fer one eeteal then 
for gnether, even though there t{# ner@ecliy no signifie 
cant vorlation fer the three metale tested om a Sper 
cent level. For epniieations requiring moexires 
etrength, ue wuct be ande of » apecific adhesive prep- 
erly selected. 
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The methoce of cleaning are self-explanatory, 
except for the epectai treatment. Thies special treat- 
ment ooneleted of imwereing the parts in the cleaning 
bats, mainteined et « temperature of 160 degrees ¥. for 
a peried of five sinates. The cosposities of the clean» 
ing beth wae ae follows 

Bodium Metssilieete (Avhydrevea) 8.8 ounces 

Alkyi Aryl Sedium fudphonate [.4 ounees 

Tap Yater | i. gallon 

lmwediatelLy after removing from the cleaning 

bath, the perte were rinend in renning wetter and the 
surfaces examined for die-continuity ef the water fii. 
if the water Film vee GhLecontinuoue, the parts were 
ngnin imerced in the cleaning bath, xe eresified above, 
ang rineset. The eleening and ringing wee repeated entil 
the eater Tlie anintained ite cantinuity. 

Tee partes were thon immerced in the chrome 
aoid bath, salnteined at a tempereture of 146 to 186 
degrese F. for a period of three minutter. The compoe- 
ition of the obromic acid bath wae ee follows: 

Ghromio 414 h per cent by eeight 
Tap Water @5 per cent by welght 
After removing from the chromiea ecid bath, tae 


parte were rinsed in distilied water and dried, 
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TABLA 5 
adhe ative "Tex toli te* 
Gure Tempersture 165% 
Sure Preeeure $00 pei 
Gure Time 15 sinutes 
Mechenleal Fini eh mili finigh 
Type of Metal aild steel 
Cheminal i a 3 4 
Surface flectrolytic ‘Solvent #) Phoepher~ onneen 
Treatwent: .. Tteh  lesregee je sold enh 
260) pei 2G BO pei 2590 pel 2449 pad 
2830 2630 2810 #380 
2550 2470 2640 2560 
C@ Liasn 
Averaget 2870 2489 #700 240 
g, 
Untrested 
me 
BO°X0 pea 
1430 
1456 
£490... 
Oh 2. 
Averaget L870 
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TARLE 6 
Adhesive * fox toeli te” 
Cure Tempera ture 165°C 
Cure Freseure S00 par 
Sure Time L5 aimates 
@echeniesal Finish w$il1 finish 
type of Ketal A? ST alwerd vem 








Colu@n 
Aweraget 2422 2507 2558 





snalyeie of tablea 5 and 6 indiesete guite con- 
Glusively that there te no significant variation between 
the metheds of chemical cleaning that were tested. Howe 
ever, there ile a significant difference in tensiie 
strength betveen clean and unolean wpecimens. Thies in-~ 
dicated that the mont economical method of chemical 
cleaning should normally be usec, 
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47. 


The thirc edhealve investigated hae the trede 
name "“Kedux"®, ond ie a liquid thersesetting resin de-~ 
eigneé for bonding netal-to-metal und metal-to-wood. 
This 16 a phenolic -CH,6 base adhesive with a vinyl 
resin added. It requires the use of an eeid cetalyet 





in the form of a steble, white granuler powder manu- 
factured by the Resineue Products ond Chemice] Coupeny. 
One of the grentest limitations is ite etorage oroper~ 
ties. The liquid Pedux muet be refrigerated, ond hae a 
merinmum etorage life of about tvo months. 

The deta Tor Re@uz are in tables 7-28 inciue- 
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TAGE 7 
Adhesive Liguid Recuax with eatalyst 
Oure Temperature 149% 
Cure FPreesure $20 pei 
Sure Time 16 minutes 
Bechanieal Finieh mili finish 
Gleantng Agent acetone 





i 2 
Type of metal: Nise Cheah ZS Abul pe 


onOO pet 4070 pel 
LO 4309 
4540 4IOO 
$080 4530 
Column Average: 463 4870 


Ho significant variation by the two-tell T tent. 
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ADHRGIVE FILMS 


Qne of the major probleme in the uee of ad- 
hesives ie in thelr aprileation, "hen uging ligeid ed- 
hesive, it is d4ffieult to obtain uniform cependable re~ 
sults, even with experienced peraonne). The lengthy 
tine of drying and preeurée prevents the use of adhesives 
4{n many metel~te-metal bending applicetiens. The @Lim- 
ination of these two operations vould extend adhesive 
bonding to many more apriioatians. 

The industrial japlications ef uging adhesive 
filme in sxeference to Liquid adhesives are numerous. 
The use of films, where applicable, wlll reduce wastage, 
eliminate mesey handling, allow wider wee of unekililed 
Labor, @iisinate holdup~tlee resulting from the preavre 
end ore-irying operations, end ineure sore uniferm and 
more denencable reguite. 

in thie chase of the work the itapregnetion of 
¥Yeriqgua vagere and textiles with aghesives were invrest~- 
{gated (235). Most of the textile fevriss proved unsst- 
iefactory beqaues the fioerea slither eugoerted too much 
a¢heeive or gave uneven, irregular impregnation. The 
papers teeted were fliter paver, lene paper, cellulese 
wadding, tleeve paper, glagsine paper, end epeq¢ial 
Claatio papers (18, 38, 47). The moet suecersful ap~ 
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plieetions were with uncalenderad tissue paper heaving 
wee experienced with adhesives having a low Pil beoauce 
of the acid attack on the osllulese. After considerable 
investigation ant studies, tleeve paper wae satisfac- 
torily ispregnated with beduxa, Cycleweicd, end Pitebend. 
Thees experimental iwpregnated filme were tected, snd 
the rewnits compared vith on industrial experiwentel 
film that ie now in pilot plant preduction. This fim 
ia "Permacel #1525", menufactured by the Industrial Tape 
Cerpotation. After etudying the properties ef theese 





films, 1% was concluvied that filme eroperly selected 
gould be used for moat industriel epplicationse. How 
ever, not 413 acdheglives lend thesssives to the forma~ 
tien af imnregnated filme, Under euch ciroumrtanees it 
hould be poseible te use dried filme of the adhesive 

ae in "Permeacel 1695", However, these flies, unless ex 
tremely thin, sre @ore brittle than impregnated films. 
The r¢suite of teate using experimental filma ere in 
tebles 6, 9, 10, ami ii. 
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REDUEL EXPERIMENTAL FILM 


The experimental film wan wade by subwerging 
shestes of thin tigsue paper in a conteiner of medium 
vieeosity Redux for two hours, removing, draining, and 
remibmerging for « similiar pertoed. This wae followed 
by a one hour peried for training anc drying before eut~ 
ting the fils to size ond meking the aesemblies fer eure 
ing. Thie oreneee geve « final eured glue line of ap- 
proximately three mile thickness when one layer of fils 
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TABLE § 
Adhesive Experiments] "Hedux"* file 
Cure Temperatura 180% 
Cure Preasure 309 pad 
Gare Tine 15 minutes 
YVeehemiaal Finish wii2 Tinish 
Cleaning Agent acetone 
Thickness of Film one Layer 





Column average joe x59 
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TARE 9 
Adhegive Experimental “Re@ex* Film 
Cure Temperature gan? 
Oure Freseure $90 pei 
Cure Time iS minutes 
Wechaniog) Find eh miii finieb 
Cleaning *zent Kee tone 
Type of Metal L? OF alumi mem 








L ‘ 3 
Film 2 leyere* 2 Layeres** 1 iayer* 
Thicknegse? After 3% sonthe After 3 manthe 
oe ky ae ae) 
188) 2346 
3880 BB10 3339 
2810 2439 2289 
2349 2370 £489 
So Lumen 
AVerace} 2625 2398 2a 


* Bpeelimene were prepared and teated ac soon ae the 
impregnated carrier filme were made and dried. 


** Soeciaens prepered 3 wonths after the file wae wae 
and stared @ 
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PL I GORD 


Plibond ia « viecoue, ten evlored thermoplastic 
adhesive manufactured by the Goodyear Tire and Rubser 
Goapany. Thies ie e rubber baee edhecive baving 80 per 
eent solids in a selution of methyl ethyl ketene. This 
thermeplertic adhesive wae use! to give an indication ae 
to how thermoplastic adhesives compare sith thermosetting 
echesives; the date ere in tabie 16. 


OYCLOPELD 


two types of Cyeleveid menufactured by the 
Chryaier Corporation were aeed in the flie formation. 
The C-3 Cyelewelid ie 4 mixture of chencl formaldehyde, 
earbon black, rubber and solvemte (38, 37). te even 
from the date in tebie 10 thie adhesives doer not Lend 
iteeif weli to use ae impregnated files. The S5-8 Cyvie~ 
weld whieh iv alee e Shemoelie rubber base adhesive gave 
more thenuraging xvrersiits when used as @n ispregnetec 
fiim than did the C-2 Cyclewels. 
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TABLE 10 


Cure Teaperature 3a0°F 

Ture Time 1& mimates 
Meehanical Finieh ground surface 
Type of etal mild steel 
Gleaning 4gent acetone 











LB40 


&VETages AF ae 2989 
Li guke Film 
2440 pad B20 ped 1842 pel 1880 pei 
B00 1016 1616 

8660 250 BOTO 1869 
s240 482 LEQ 

Celusn 

Averuget 2686 822 1888 L7é8 





The Geta for impregnated tiseus paper filme ere 
presented in tables 6, 2, amd 10. The redection in ten- 
eile otrengtsa vhen using carrier film agdhenives, sa com 
pared to the same adhesivee in Liquid fers, aret 


Typ? of adhesive 
Cy@lewald 62-8 
Cyeleweld C3 
Fliobens. 

Redux 4&2 





Fewever, in all cases aucept Cycleweld C~3, 
the impregnated film guve good enough strength for normel 
applications and development werk should resuit in better 
strength properties for there films. Sowe adhesives, such 
as Cycleweld G-3, are not well adapted te use as iaprec~ 
nhete? tissue paper flias, and umier auch circune tances 
dry flime of the adhesive similar te Fermacel 18585 can ua~- 
ually be made. 

Rome papers could not ba imprernated because 


they Gisintegrated upon contact with the edhesive, 
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87. 


TAMLS 12 
Adhe sive , "Permeoeh #1535" 
Polyvinyl Sutyral Phenclie File* 
Cure Temperatura 150° 
Cure Preseure 200 pad 
Cure Time 15 minutes 
Mecharioni Finish mili finieh 
Type of Retal wild steel 
Thickness of One Layer of | oe. 
Fiis three wile 

Cleaning Agent agetene (except for coluens 

2 and 3) 





i & Ke 


One Layer** 


Colmer 
Average: 3618 














Ooliwmen 
Averages 2782 4155 4938 
7 8 
S799 pal 
3889 
3869 
diahae 
Colwmm 
Averuset $688 3180 


"Experimental Film ~ ocilet plant material not yet in 


**Goated wriftth Seneral fleetrie's orgena~silicon water 
repellent fila number SE77~2. 





Yrom the data in tubies 5, €, and 11 it would 
appeer that cleanliness ie a wore importent vartabie in 
film bonding then it is in liquid bonding. This may be 
beeuune the Liquid reeulte in a weohing action en the 
surface. 

& plausible explanation for the high results 
obtained with "dri-fiia" in teble 1) is a chemical at- 
tachwent of the adhesive to the organosilicon film de- 
epite the reduction in wettability of the setsi surface 
by the “cdri~filmw"”. Thie is epparentiy the result of af 
finity of the adhesive for the poler selesuiss of the 
@iiicon fiim. Al¢o of importance ic the fart that while 
| *éri-fiim"® eppresiably reduces the water wettability, 1% 
retuces the atherive end reolvent wetteabliity to « muck 
Leaser extent, Thies —— # point thet ie appear 
entiy met reeliged in industry. The point in thet «& 
better oriterion of gurfsee conditioning vould be the 
degres of solvent ant stheeive wettabliitty rather than 
the weter wettability (16). ‘fhie te driven bem by the 
fact that the water break tent ead the conteet angie 
test both indicate that the orgenoeilicen film ie « 
peor bonding earfase, yet 1¢ gives axcelient resulite. 

From table il the reduction in etrength of 
Fermsoel 1625 after four sonthe storage wae about 10 per 


cent. Thies was found cdeenite the lack of aneciel xtar< 
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6. 


age fectlitios. Table 11 also shows that iner@s@ing the 
film thiakness reducer the beni strength, Thie is illus 
trated graphically on page 61, and confirme the reeulte 
(et mertew inveatigations (15, 28). 
For the flame cleaning « blast lemp #ith 
¥een, natural gee flase wan usec. Thie offere 2 
. gconomioal mathed of degreasing and removing the 
eurface film where the change in rhyeicel properties of 
the metal, srought sbout by the heating are not objection- 
able. This is 6 new methed af cleaning for sihesive bende 
img om « literature survey failed to reveal eny previcue 
investigation along these lings. The method compares weil 
with chemical cleening ae seen from table 11 and has many 
industrial terlications. 
















Yrow tables 8, 29, LO, and 1. the per cent redue~ 
fien in tengile atrength after aterage are 


Metal~to~metal Length of Per sent reductia 
, | WAEDEBES in gtrencth. 





& manths #.5 


Cyeleweld $56«9 & sonthe 8.8 
Fermecel, 1526 & monthe 19. 


The aterece wee in en ineide cabinet during 
the winter months when the humidity was low «née the 


temperature seiden sore then 18%, 





~~ —* . 
cont ral © paeoie waatt nie wh 





Me aabteprees Loniegte t eyando par rode atin 
Seoiresits her nse estoss 000 gf House pent ,isren wit 
sored wriyeite wet gutaneie Ye denitwn vem «od eheT : 
Qenbeney gue Lopeyx =f helttsl yorum Yibdnvedis » he gab 
thes Bowiee AT snarls ovvad yomte westaatrewvad 
tram nat Yas Lk nicnh op) eee wa pritands isoimeds 2 be 
Pager age ss 
Pn fey iy OAH CE Mahe 05 WH (9 Maden ment 
he RS 





















ss + & — 7 


i 





nes 





Ww stpres 






actu ft 
éizume 4 O-te Rivwwleg? 
nerve * ial ieourre 








paivel Serie ebiewt ae as ee Wewnte 28 
eet ce wed Cow we Liteee eet oho ait trfote 02 
COR) weed 1 Kee eeeer 9 cut, ceeree 


61. 


Pp te Pet) PEEP EE EB a 
REBSESS ANSRO ARES MAS BSABERE LLOSUEMAAE aes w 
a OnUes BAO ‘ 


Sssdideesisfossstitueefostt nasti east tase etiaaiti 


qo an 
+ Hite rtertri tire ter eae at 
ty ft ttt BORGES ee 4 Gat ia 
SeoqC GSeBesooad og Pie im 
CU [009 BERRE SRORE AEE ER FARRER GRSGR RBERES Hl  - | 
JAB ERD RESOE SESS SERRE Cee Daze esee rit) s a 
emer | label! poster | Fb) i Vy try | BEGGS basa Bhat’ La a 
J) DRESS BROS CRB SORE PRE Haase nF | 
«|B SRE BRAS PSOE CREE Bese Sana . at ] 
| eenee 6 
a SRGH a a 
3 San ‘ eecvs ba ~ 
] "i pen a 
Ot), a ted BT 
| | sal . i mya tt tl 
a 5 ..&S IRR 
Tt a 7S OW RSH 
i pee he 
anneni N Ra as S JaCEReRb 
. Gee [RRC aRee w Te GE0 Same 
SRE pL FEL 8 eg Rae de i] 
SSG L800 2a @ SE ASDs e BB 
3 
: > 
| 


Lt my 
Boe eae 


2 in 
Saaiirtan 


4 


si: 


Seu beecaesees cocaesge 


oP 
Cam i 


Pee Peer Le et eet Crt 
aoe eee eS 
ECGS SESS0 SESSRSRSES RUSS RESSE MSRSSaS ee oe eee 
ERESGG® [S0gveeea 
Engneom 


2DaSa 
B Seaeo 
aa 5 J Le DOSS SaRbE SOC e eeess eH 
GUL SEERA QHGH EES RSs IeGSh SERRE ARSRARRe eA 
USD ORBRES PaaCc seek aaee DOU OU UID Shoe bS he S GRRAS ROARS DSR O OSes ASO Ae eRe 
BUDE BEBEE Sane see eet baa NOQGBOUONC Oooo Coone Ob PRERS POOR PAH 0 PSEA Pee eRe 
OOSBG5 BE4S5hS QOSC8 ONBAS URANE OE SE COCO ERS eRe 
DOTHAN OUOCe Nees SSeS BENS Bee eee 
SSA seas bee Bee eee eee ete a 
Babe S2aSe a pips 
faee 








SES CuSeSUEEE TEs Sunes CESEE beees 
sos penecne Sostsigest setoattostcatece 
SEGEEEEET SUESCREEEI TETaEGEEaT ESCs 
SSEEECESE RRESEEESEEESEEECEEEC ECs 
aries Eeseectoctactestestsfecttatesseettosee 
TH FEEEH 


‘ 


@ 

QnGg PESAT ARN lt Beee 

GEES RSAas mel 
28 S60 RR ~ Va Se 


cucswes seus 


a 
2 


tHE 

i , 
baat 
te 


ry 





i 


: 
rE 


# 


EES Le 
ot 
FREN 





FEES 





Correlation of Tensile Strength and Film Thickness. 
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Coneiderably mere date vere collected during 
the experimental work, come $00 apeciaens being tented 
in all. Only data having direct bearing en the resulta 
ere ireoluded in thie presentation. 
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It ie recognized thet surface properties have 
® direct dearing on the strength of sdhesion. Aowever, 
aGberence to « chemiesliy clean surface azpearu te be 
more a fumetion of the relationship between the setive 
groune om the molecules of the schesive and the surface 
weing tended, than 2a function of mechanical curfeee 
tTeatment. Thies can only be verified by the succerei te 
elewination and evaluetion of mechanical variables ty 
weethods that preesnt technicucs are uneble to analyze. 
The facet thet most moleculeriy acesciated eabstauners 
eontain hydrexyi or related groupe icade to the conelue- 
iom thet this type ef bond may play an iaperteant part in 
the role of euhesive ané adhesive phenomens enil wili dif} 
fer from eetel to metel. Teneile teating anc analvyete of 
verlanes sere usec to menoure the significance ef the 
Variables atudcied at the 8 per oent oroebability level. 
The bumidgity was controlled only on the firet three 
teats. Ten industrial sdberives developed during of 
sines “orld Car Ii were atudied, siz of which are re= 
ported in the deta. The prenearetion and uee of lapreg~ 
Nated films war aleo studiec. Of the impregnated files 
teeted, ordinary uncalensered tise parer geve the best 
remulte. a13 test deta presented on the use of iapreg~ 


neted papers in #dhetive applicationa were with tissne 
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paper ea the cerrier film. 

The preevre must be eveh that polymerization 
is not oxteneive. High degrees of polymerization, be= 
fere agevembly, result in loen of strength at the adhes~ 
ive-sdheeive interfage when the aesembly Le wade. 

Repid drying reeulte in vlistere and cracker. 
The thicker the file tae slower the dry guat be; the op- 
timus de « film just eufficientiy thick to prevent a 
etarved joint. 

Preesare during the cure operation serves the 
following funetions! 

i. Proper flew of adhezive. 

a. Holds the mating surfaces in proper pogition. 
3. Reduces the void espace in the adhesive. 

4, Ineures even pressure distri betion. 

reragelnog of the adhesive followed by flowing 
it betesen the wating eurfeesse by caplliary setion re« 
sults in a nen-persue joint. 

Thie investigation indteates thet (1) There 
ig mo significant variation cetween the bondite sree- 
Orties of the norms] troes of chemical and wechani cad 
surface treatments ag lomgr «ce the surface ic ehemicaliy 
Glean ang free from dirt and grease. (2) A epeclfic 
adheeive diacleye a gremter affinity for one type of 
metal than for encthear, devending urpen ite cowrosi tion. 


{3} Adéheeive files asd tepregmated tapes cen be ore- 
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pareé ont employed advantageouely in industrial appiiece<- 
tions. (4) Flewe cleaning may be uscd to eetisfactorily 
clean wetal surfaces prier te bending in apelications 
where ohangee in the properties of the metal with heating 
are not objectionable. Thie is « new approach to surface 
Gleening and has industrial vessetotlitdes. (5) Bond 
strength diminiehes oa film thickness inoreares. (6) The 
eriterion of cleanliness should be adhesive and solvent 
wettability not water wetiability. 
The retluction in tenalle strength when vueing 

earrier film edhesives ag comsured te the same adhesive 


jn the liquid form 
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The reductions in efrength of the filme after 


gterage are! 
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amalyete of variance offers solutions for tro 
kinds of probleme! 

i. Detection and estimetion of conatant relations 
awong the means of eub-groups of the population 
af abjeets concerned. In other worde, it ie 
ugod to detect and catients the parnectera de- 
fining fixed oonstent reletions emong the vop- 
uintian meane. 


2. Peteetion ond eetimation of componente of var~ 





lation esaseelated with a composite population; 
thet ie, £t ean be used to eetimate the eompon— 
ents of varlanee. 
The general purposes of analysis of varlanee 
aret 
i. To perform teeta of alenificanes. 
&. To peferm estinates of treatment differences 
thet are of concern. 
3, To determine the ugeuracy of catimates by at~ 
taching te them confidanes limite. 
The sesumptions involved in meking on emalyeie 
of variance are) 
i. The treatment and environmental effecitea must be 
adegitive. 
8. The exnerimental erroré west all be indecendent. 
2. The experimental errors wust be sormeliy die- 


tri buted. 
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Many investigators have sointed out that no 
serious errore are norwelly introduced by non-normal ty 
in the eignificant levele of the F or two-tailed T test 
(8, 20). In this investigation the 5 per cent proba~ 


bility Level isa used throughout. 
Thin work demongtrates the general apolicabt Lity 


of atatistieal analyais to probles¢ in chesie¢sal testing. 
The Limitation of time for terating wee euch that it woe 
neceesery to uee etatisticn] omelyeia on the data. Aa 
single application of the amalyeia of variance ie weld 
edapted to the paurtioular probles. Grarhicel anmalyale 
would have rejuired the runcing of a mueh greater number 
of eewmplesa. The analyelie of variance wae seleoted es the 
wucans of presenting the date heoeuee 1t provicss a bagie 
for atalysing a number of variables simultencousiy. The 
oroblem ac enalyred le @ series of samples takan under 
Varying conditions. The wee of variances anelyeis Le con- 
tingent upon the samples being from a nermel cletributieon. 
The amelysia of verianee is set up for & cand4i~ 
Sions with K random gpecimene for sath of the E comditions. 
The variablea vere randomised by giving each of the samples 
af the experiment en ecual ormortunity of heaving any par- 
tiewlar value of the randomize verisbic asseetated wi th 


4%. The variance iat 
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N N = 2 om 
Z, 2 evosa preduet = 27 Xi Xk - Ti X- Xk + Kk FZ 
+) 
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oS Smt ~ Tk)" Ly S (Tk - x)’ 
0 @6 o 9 
& Sou ey? + Sn Ge BP 


*Sinee X for each column 48 constant through N for each K condition. 
First sum through K ami then through the 4's. 


. 


#87 


samen maalon + i + 50 ere patinagee ce wabervvanh 
NG-ers eens} co Banh 
iktdes 1088: an senna de « 





fae Sine ee ‘ance 


& 
ded \ « de « - whe oun Sal s . 


ye Rtveggaeeuberofae. . 








ne 
i ~ a) + “Ce - i) < Re “E-mSE 
i -mE SE. \a- wht- 
vs E- diac ha - a Z° 


npthens fertile fsa/namo ot eon 
eee SA at odes wa toe ee Teor ee felt 


Ts. 
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K 
Total variance “35 00y- Ss Sx) =R-P. 


KN 


« A+B 
where A = variance between columns, 
B= variance within colums 
B = totel variance - A 


... «as 22 Ss ie 
A= M 2 (i - x) = 200 x4) - pm), 
N KN 


«x & « PR, 
F test «= a/B 
*, N 
Xk = Xk = column mean = » Xi 
oN 


It is constant as we sun throug! 





For application of this to the deta see page 74. 





Wes Say aes 


@eie 
me he" Ammalee mmewted aonaier =k eace 
wm—urioe aisile suai = € 
< sigatan Lana's © : 


» egy ret a= Kea 


t+BRe 
-~ Ga suet ¥ 
E+ same canto +  - a 








2 dared? ae @ co fosters at 7 . 


ptt aay ow atah mit oF atdd Yo mmirmtlags wt 


SAMPLE CALCULATIONS 


Dividing Xi in Table 2 by 10 and subtracting 250 gives: 


X41; X41, Xi, Kip 
2809 53 49 “ff 
196 14 82 “9 
256 -16 129 27 
ja 18 25 A 
ZX © 69 16 
_ : 
> x4) = 3585 884 


38 o ont)? =P= 243 


256 


382 


« 2 
-243 (> Xi) = § = 1494 
4607 = Total 
-1251 . =243 
| 3356 = B A= 125] 
Source of Variation or Sus — of 
eriation { Squsred Deviation _ 





F - a fables = 4.26 
626 . se 
pee Pc tz Pty! 
* 373 8 


No significant variation. 


ee ie 





Pak* 


PUTT ALAS EP Wat 
seer ky ORS pABtocesdy tee OF eof aldwl ad tX guthewid 
bx « ye ai Be, ll * 
ex sm Sh os}! fe 
- & ee eOkG 
e £8 ot oor 
Ss oe FP aes . 
2. mi “& ae = 
as + oS 
age mane + “(a8 '< 


’ 
- 
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